Motors are used in many appliances, and noise reduction is strongly demanded. One of the main causes of noise is electromagnetic excitation force and it is well known that the excitation force is increased by the eccentricity of the rotor to the stator. For this reason, it is very important to decrease the eccentricity, but there are limits because the eccentricity is due to inevitable manufacturing tolerances or assembly errors. So, we propose a method to estimate the eccentricity of the motors in the process of manufacturing by using windings as a sensor. When the rotor and the stator are in an eccentric condition, the impedance of each winding is different. We developed an experimental apparatus that can set the amount of eccentricity and verified that the terminal voltage of each winding changes proportionally to the eccentricity. In order to produce motors with eccentricity of almost zero, we need to estimate the two-dimensional amount of eccentricity in a very short time. When the number of turns of each winding is different, there is interaction between each winding and so the accuracy of the estimation decreases. To solve these problem, we applied a different frequency of voltage to the winding located on the x axis and the winding located on the y axis, so that we can estimate the amount of eccentricity for the x direction and the y direction with high accuracy at the same time. We also developed a way to produce motors by using this technology. After detecting the terminal voltage of each winding under the tentative assembly situation, we adjust the amount of eccentricity to almost zero and fix the motor by laser welding. As a result, we were able to mass produce motors with eccentricity of under one micrometer and with a very low noise level.
Configuration of the experimental apparatus. Fig. 3 Relationship between vibration and eccentricity. The vibration level is increasing to the eccentricity of the rotor to the stator. So, it is very important to decrease the eccentricity. The voltage of windings X1 and X2 change despite the eccentricity in the y direction, which is a different result from Figure 11 and Figure 13 . It is thought that the influence of the interaction between the windings is generated because the number of turns of the winding differs. The voltage of windings Y1 and Y2 change proportionally to the eccentricity in the y direction, which is the same result as in Figure 10 and Figure 12 .
成分が大きいが，y 軸側巻線の励磁周波数である 65Hz 成分も含まれており，これらの周波数の差である 10Hz で うなりが発生し，それらの成分が巻線 X1 と巻線 X2 では逆相にみられる．このように，巻線数が少ない y 軸側に 偏心した場合は，x 軸側の巻線端子電圧波形が変化することがわかる． Fig. 17 Waveforms of the terminal voltage of the windings X1 and X2 when the motor has 30% eccentricity in the y direction, where the number of turns of winding is as follows: (X1 and X2) 3130 turns, (Y1 and Y2) 400 turns, and the applied voltage frequency is as follows: (X1 and X2) 55Hz, (Y1 and Y2) 65Hz. The main frequency component is 55Hz and we can also find 65Hz. A beat appeared at the frequency of these differences and the phase of windings X1 and X2 is opposite. Fig. 20 Averaged terminal voltage of the winding X1 and X2 when eccentric condition in the y direction is changed. The component of 65Hz and overall value increase with the eccentricity, whereas the component of 55Hz is equal. Fig. 21 Configuration of the motor that we developed. The main feature of this motor is that it has a terminal to detect the terminal voltage of each winding, and there is a small clearance between the stator core and bracket. In a conventional motor, the noise level is large, especially for the frequency of electromagnetic noise, whereas the noise level is very small in the proposed motor. 
